Abstract: Typically, the farmers are using the traditional ways of farming that cannot provide the proper amount of fertilizers and no specific criterion can be set the proper amount of climate parameters. Henceforth, the agricultural field demands up-to-date technology to enhance the desired outputs by deploying automated crop techniques for the better production of crops and plants. In the prescribed context, we have devised an architecture consisting of an embedded system and a wireless sensor network that could be employed to monitor the climatic parameters such as humidity, temperature, carbon dioxide, acidity, soil moisture, and light intensity etc. in a greenhouse. This work is accomplished by manually positioning the different sensor nodes in the greenhouse for collection of climate data which is subsequently forwarded to gateway nodes. Gateway nodes are responsible to send this information to the intended user or an agriculture professional via an internet web browser. The received data trigger the proposed embedded system to automatically proceed a decision by executing suitable actions to adjust an agriculture field with climate parameters. For instance, the climate of a greenhouse is controlled by turning on certain devices including fan, water sprinkler, lights etc. The proposed fruitful system is constructed at labscale prototype as a witness to proof the reliability, low-cost and efficiency of the proposed design. We consider that the proposed design can be easily implemented at large-scale in future, and will be beneficial for escalation of the profitability, sustainability, and productivity of the agricultural system.
Introduction
Though the economy [1] and livelihood in the most of countries depend on the agriculture, a recent trend has been to grab agricultural lands by industries. Consequently, it is becoming harder to meet increasing deficit of food demands by the conservative farming. For example, the agriculture is the sole backbone of any country's as its population is directly or indirectly dependent on the agriculture. Moreover, crops provide raw material to several industries. Despite having exceptional geological locality and favorable weather conditions, the agricultural production of the country, i.e., Pakistan is diminishing day by day due to several reasons such as, lack of irrigation, availability of low-quality seeds, harms of sustainability, outdated yields (e.g., wheat and rice). Meanwhile, the unpredictable fluctuations in climate parameters has been reported as a key to a crop failure. Thus, the crop damage results in farmers' incompetency to return their loans, which under extreme cases leads to committing suicides [1] . To this, the up-gradation of the agricultural environment and its protection has been suggested the prime demand to resolve the issue of low production. For example, the concept of a greenhouse is a widely accepted way to meet food demands of seasonal and no seasonal fruits and vegetables. Though, state-of-the-art technology is being adopted for farming, however, it still lacks an intelligent control of climate parameters [2] [3] [4] [5] [6] [7] [8] .
Besides the traditional farming system, a smart wireless sensor network (WSN) was deployed in agrarian fields to collect data [9] . Similarly, a scheme was investigated to employ the WSN to observe and apprehend associated necessities for a single crop in the potato field [2] . This deployment was expected to help the farmer to select appropriate fertilizer, irrigate fields at a prompt time, and full-fill other needs. Recently, a mathematical model along with an intellectual humidity measurement sensor has emerged as an irrigation supervision model to approximate climate constraints [10] . Further, the ref. [11] has presented an automation system based on WSN in a redberry farm with the deployment of temperature sensors, and used a general packet radio services (GPRS) gateway for the data transmission. Similarly, an energy efficient WSN has been developed in a sugarcane field [12] , and the technique for smart agriculture using internet of things (IoT) [13] [14] [15] [16] [17] and device automation has been proposed [18] . For this, ZigBee, actuators, and camera were deployed to manage an irrigation system using real time field parameters [19] . In addition, the ref. [20] focused on the automatic-irrigation using a moisture WSN along with IoT in a direction of the smart system for agricultural purposes. Moreover, sensor nodes to sense moisture, humidity and temperature but with the less memory usage and the optimized energy has also been used [21] . Recently, the prime focus of current research is to evaluate restrictions of various routing protocols and WSNs for various environments e.g., education, health, monitoring, military systems, and agriculture [22, 23] .
Farming being one of the largest productive zones is essential to the financial evolution of several emerging countries. This underpins the integration of the conventional farming with innovative technologies, e.g., WSNs and IoT, to meet high production quality, market necessities, increasing demands, and diminishing negative impacts of the environment. Though various prototypes of farm monitoring schemes have been proposed in the past [24] [25] [26] [27] [28] [29] , however, their evaluation for real-time scenarios of greenhouse [30] [31] [32] is still missing. To achieve this, the present study considers a greenhouse where climate parametric data collected using sensor nodes is sent to a control unit for intelligent decision making to adjust these parameters. Our prime contribution is to propose, design and evaluate an automated crop system at lab-scale prototype that observes and subsequently makes intelligent decisions to adjust climate parameters according to the situation.
The implementation proposed in the current study uses an intelligent scheme for farming to increase the productivity of crops by automatized control of climate parameters. A variety of sensors are deployed in an agricultural land to collect important information about climate parameters including humidity, temperature, soil moisture, and light etc. The status of these parameters is important to yield an accurate initiative while farming. The proposed framework employs wireless sensor network (WSN) and internet of things (IoT) based implementation to control climate parameters and as an up-to-date technology for the growth of agriculture. The WSN embed low cost, power efficient, small in volume and multi-functional sensor nodes including humidity sensor, soil sensor, temperature sensor and light sensor. These sensor nodes are randomly placed in the desired area for the collection of climate data that is further forwarded to gateway nodes. Gateway nodes are responsible to send this information to the intended user or an agriculture professional via an internet web browser. The received data trigger the proposed embedded system to automatically proceed a decision by executing suitable actions to adjust an agriculture field with climate parameters. For example, the climate of a greenhouse is controlled by turning on certain devices including fan, water sprinkler, lights etc. We have kept all above-stated concerns in mind and developed a new and fruitful technology that will be useful for the agricultural system. The rest of this paper is structured as follows. In Section 2, a concept of the proposed intelligent system based on climate parameters is presented with a detailed description of the electronic components used in the proposed design. In addition, the experimental results for a lab-scale prototype are provided in Section 3, and Section 4 concludes the paper.
Materials and Methods
The fertilizers and climate parameters play a vigorous role to increase crop yield and growth; however, the prior one can be a source of pollution, and the resulting climate imbalance can harm the stability of nutrients. The excessive quantity of fertilizer can originate eutrophic in water streams as well as soak the crop field with non-living elements. Consequently, it is essential to manage the fertilizer amount as per requirement, along with an automatic control of climate parameters. To this, we propose a smart greenhouse farming environment observatory system by deploying WSNs. An elementary structural design of the proposed system is shown in Figure 1 . Here, we are integrating embedded systems with IoT analytics named as ThingSpeak. Up to our knowledge, our implementation is the first implementation by using this plate form for intelligent greenhouse scenario shown in Figure 1 .
The embedded system is capable of comparing climate parameters with pre-defined values, and proficient enough to take a decision of turning on devices to control the unstable values of climate parameters. In further, this received data is transferred to the browser to see the device status on the graphical user interface. The benefits of this monitoring system include: enhanced crop productivity, mobile monitor of greenhouse uninterruptedly, less dependency on human labor, real-time sustenance and avoidance of unauthorized access to the system. 
Electronic Components
The proposed system embeds integration of different components to perform various tasks e.g., sensing, information processing, operation of attached peripherals, and monitoring the readings over the internet browser. This system is flexible and has the ability of automatic maintenance. Multiple electronic components are used for building electronic circuits. Our proposed circuit designs contain these components that are described in Table 1 . Table 1 . Electronic components utilized in the proposed design.
Components
Specifications Arduino [33] 22 pins; Operating voltage: 6-20 V Ethernet Shield [34] Operating voltage: 5V; Connection speed 10/100Mb Liquid Crystal Display (LCD) [35] Display format: 24x4; Operating voltage 3.3V,5V Potentiometer [36] Power rating: 0.3W; Maximum input voltage: 200V DC Relay and Cooling Fan [37] [38] Rated 
Ethernet Shield
The internet connection between devices is performed using an Ethernet shield. An Arduino Ethernet chip [34] (WIZnet W5100), which embeds a standard RJ45 Ethernet jack, is used in the present study. It provides IP network stacks along with the provision of four socket connections simultaneously. Of note, when the reset button is pressed on the WIZnet W5100, it resets Arduino board also.
Liquid Crystal Display (LCD)
A 20X4 (JHD 162A) LCD [35] having thin display with colorless pixels is used in the proposed system. A column of liquid crystal molecules in each pixel is surrounded by two translucent electrodes, and two polarizing filters. LCD has a set of standard ASCII characters DB0 to DB7.
Potentiometer
Potentiometer [36] is a small size electronic component having variable resistance that can be adjusted manually. It has two strips, one is inductive strip and the second one is a conductive strip.
By varying the resistance, the flow of current in the circuit can be controlled. Moreover, the potentiometer consists of a three-terminal resistor with a sliding contact to form a variable voltage divider circuit that is used to measure the electric potential.
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Relay and Cooling Fan
A relay [37] , which is used as a switching device in any electrical system, mostly consists of electrical and mechanical components. It comprises two circuits: one being used as an input and other as an output. A Relay controls an electric circuit by closing and opening contacts. It is necessary to maintain the environment temperature of the greenhouse for better growth. To achieve this, a fan [38] is used to cool down the environment. Similarly, an exhaust fan [38] is used to maintain humidity inside the greenhouse. In the proposed system a 120mm, 12V fan is used to standardize the temperature of greenhouse.
Sensors
A digital sensor (DHT11) [39] is used to sense both temperature and humidity. Its main features include: operating voltage of 3V to 5V, maximum conversion current of 2.5mA, 5% accuracy for humidity readings for 20-80%, -2 to + 2 Co accuracy for temperature readings for 0-50 Co, body size of 15.5mm X 12mm X 5.5mm, and 3 pins with (0.1)'' spacing's. A light dependent resistor (LDR) [40] is used in the light-dependent applications. LDR is used because of its efficient operation to detect the visible light, and is extremely sensitive to the visible light. It consists of resistance that changes when the light falls at resistance. A soil moisture sensor [41] is used to sense the water that is around the sensor and measures the moisture of the soil. Its main features include: operating voltage of 3.3-5V, Printed Circuit Board (PCB) dimension of 30mmX16mm, and dimension of soil probe is 60mmX30mm.
Power Supply
The schematic of a power supply [42] used in the present design is shown in Figure 2 . The stepdown transformer is used to step down AC 230V to AC 12V. Next, a bridge rectifier is used for rectification of AC to DC. The ripples introduced by rectifier are removed using a 10 µF capacitor.
Subsequently, the pure DC signal is provided to IC7812 and IC7805 that will maintain 5V for microcontroller and 12V output voltages for relay module to operate output devices including fan, exhaust fan, water pump, water sprinkler, and artificial light, respectively. We also use a heat sink with IC regulators to prevent them from overheating. 
Implementation of Proposed Scheme
The proposed system efficiently monitors climatic conditions and smartly controls environmental parameters using sensors, output devices (fan, water pump, light and exhaust fan) and Arduino to maximize the production of crops. The real time status of parameters inside the greenhouse is shown on LCD.
Embedded System Modeling
Hardware integration of different components of the proposed model is demonstrated in Figure   3 . Arduino plays the role of a central processing unit to make intelligent and smart control of climate parameters. There are total four types of sensors (Temperature sensor, Soil moisture sensor, Humidity sensor, Light Dependent sensor) that are connected wirelessly with the help of an Ethernet shield to the Arduino board. Any change in a climate parameter is communicated to Arduino by its corresponding sensor, which subsequently actuates a relay to activate the related device until the climatic parameter returns towards the desired value.
Whenever this system founds that the received value from the sensor is more or less then the limit value, it will consider as the need for resources in the field and sends a signal to the relay module to turn ON the Corresponding electric appliance to fulfil the need of resources in the field. The electric appliance will work continuously until the value of sensors raised above the limit value. For example, if the system founds the value of soil moisture sensor below to the limit (the minimum amount of water content in the soil), it will send the signal to the relay module to turn On the Water pump to complete the volume of water needed for the soil. The system will also work accurately for the remaining sensors and electrical modules. Moreover, the current status of the greenhouse that is the value of all sensors that are currently in the running state will also be demonstrated on the LCD. The relay module separates low-voltage microcontroller from high-voltage actuators. The Ethernet shield makes this system to be accessible anywhere through the internet and is interfaced with Arduino to get real-time sensors' data. After local area network setting (LAN) of Ethernet shield to connect it with the internet and ThingSpeak setting (defining the channel and fields names), the Ethernet shield will be initialized to connect it with internet and call for the function startup and the wait for the connection establishment. After the successful connection establishment, it moves toward the sensors data and monitors for the client connectivity. If there is not client connectivity which indicates no user is connected to the system through the internet, then the counter will fail, or if it founds the client connectivity (any user connected to the system through the internet), it proceeds towards the ThingSpeak page and update the sensors data according to the newly received sensors data. After upgrading ThingSpeak just as the current sensors values, it will recheck client connectivity; if it found the connectivity, it will recheck sensors data and update ThingSpeak, or if it did not obtain the connectivity, it just fails the counter. A connection establishment between Ethernet shield and embedded system (of Figure 3) is shown in Figure 4 . When the internet connectivity is established, the real-time data of sensors is transmitted to a web-page which displays the graphical statistics and occurred changes at regular time intervals.
Embedded System and Internet Connectivity
An IoT monitoring website (ThingSpeak) [43] is used to establish an internet connection of the Initially, ThingSpeak instructs a user to create an account followed by creation of a new channel.
Once the channel is created, a new window opens allowing a user to add a name of the channel along with its description ( Figure 5 ). The fields provided on the ThingSpeak web-page have to be selected according to the weather measurement parameters set for the intended application. For example, the proposed system is monitoring temperature, humidity, light intensity, and soil moisture. Therefore, fields 1, 2, 3 and 4 are marked, respectively. After filling out the necessary information, the channel is saved. This new channel will have unique Write API key that is used in software coding. In private view, a graph of real-time sensor values is displayed.
Results and Discussions
An Arduino software that specifically consists of an integrated improvement environment (IDE) and C/C++ programming language was used in the current study. The structure of the developed system is explained in the flowchart given in Figure 6 . Once the circuit is initialized, sensors start sensing the weather parameters, and recorded values are transferred to Arduino. After receiving these values, Arduino compares the obtained values with the normalized pre-set value. If the value is more or less than the threshold value (a limit value), the system will send the signal to the relay module to turn ON the corresponding devices to control and normalize weather parameters. According to the proposed system, if the value of Light Dependent
Resistor is below to the threshold value, it will be considered as the night-time, and the system will turn On the Lights until the received value increased above to the limit value (day-time). Just like that if the value of humidity and temperature sensor is below to the threshold value, it will turn on the fan and exhaust fan to control and fill out the need of air. Follows just as the working of other sensors, the system will also check and measure the value of Soil moisture sensor. If the value of Soil moisture sensor is low from the threshold value, it will be considered as the water level of the soil is minimum and need of water is required. So, Arduino will send the signal to the relay module to turn ON the water pump to fulfil the need for water that is soil required. When the water level increased, then the received value of Soil moisture sensor will be greater to the threshold value, so the turn OFF signal is sent to the relay module to switch off the water pump. The Obtained data of all sensors is concurrently sent to the LCD module and then displayed on it. Whenever new data comes, it replaces the old data that currently display on the LCD. The Process continues this way for the entire Sensors and electrical module. If In the same way, to connect the Ethernet shield with internet browser webpage, it is needed to program the Ethernet shield as well. implementing the proposed system accordingly to figure 7 which shows the schematic design of implementation of the proposed system hardware on Proteus Design Suite (a tool suite used for electronic design automation), we tested the developed system in the lab-prototype. Figure 8 shows that the final demonstration of the proposed IoT based greenhouse monitoring and controlling system that's turned the electrical devices after measuring the value received from sensors using Arduino. After receiving the value from humidity and temperature sensor, Arduino compares with the predefined temperature limit value, so the value is below to the limit and shows the need for the air in the field, so the signal is sent to the relay module to turn on the fan to normalize the temperature. Figure 8 gives the values of measured climate parameter such as temperature, the measured value of temperature is 31.25 C 0 where its normal/set value is 35 C 0 . As, the measured value of the temperature is normal, we do not need to turn on the fan. Similarly, other three parameters including humidity, light intensity and soil moisture are shown in Figure 8 along with their actual values, normal/ set values and the corresponding device status attached to control the respective climate parameter. This result diagram only demonstrates the switching of the fan because we designed this system in lab-prototype but we can also able to operate other sensors as well according to the humidity and temperature sensor to fulfil the needs. The behavior of controlled climate parameter values vs time is shown and well defined in Figure 9 . Figure  9b shows the pattern of humidity in the greenhouse. It demonstrated that the imbalanced value of humidity is becoming stable over time. A value of 50 detected by sensor is normalized to its normal value at around 12:43 of system time. Figure 9c and Figure 9d demonstrate the time varying values of light intensity and moisture, respectively, and their automated control within the green house. Meanwhile, Table 2 shows the comparison of attributes of the proposed system with existing systems proposed in other works [10, 20, 21, 44] . 
Conclusions
The proposed model provides a smart embedded system for a greenhouse which operates automatically using IoT technique without any human assistance. It controls different environmental parameters automatically and can be accessed from everywhere of the world with help a web browser. Through automatic greenhouse system, the productivity of plants will increase and ensures every type of plantation with less cost and time. The provision of monitoring over the internet also ensures to take early precautions for any change in the environment. We expressed our idea by showing the working of humidity and temperature sensor only to turn ON the Fan, but we can also operate all other electrical appliances according to their sensor's values. Overall, the proposed system is aimed at controlling the climate parameters by turning on certain devices including fan, water sprinkler, lights etc. Few of recommendations for further research include:
1. Image processing can be used to detect and monitor the defective leaves to take precautions immediately, 2. A small single board computer e.g., Raspberry Pi, can be used to increase the performance of the system in terms of operating speed, instruction cycle period and capacity of the memory.
3. Along with monitoring over the internet, we can also control the greenhouse environment over the internet and all the history can be maintained in a database for future.
4. An authorization process can provide private channels over the webpage so that more security can be provided.
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